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Short communication incubated for I week at 28 "C, and then stored at 4 to 5 "C. Primary broth inoculum cultures, after inoculation with material from agar slants, were incubated on a rotary shaker at 28 "C in 10 ml broth in 50 ml Erlenmeyer flasks. Late exponential phase (3-to 5-day-old cultures) were used to inoculate larger, secondary broth cultures which were incubated on a rotary shaker in either 300 ml broth in I 1 Erlenmeyer flasks or in I 1 broth in 2.8 1 Fernbach flasks. Preparation of cell-free extracts. Exponentially growing cells, (2.5-to 5.0-day-old cultures) were harvested by centrifuging at 10000 g for 10 min, and washed once in HM salts at pH 7.0. The pellets from this washing were resuspended in 0.033 or 0.01 of the original volume of ice-cold 0.9 % (w/v) KCl containing 155 pg cysteine m1-l, adjusted to pH 7.0 with I M-NaOH. The bacteria were disrupted by five 30 to 60 s exposures to a Branson Sonifier sonicator with 30 to 60 s rest intervals whilst the probe was chilled with ice-water. The resulting extract was cleared of remaining intact organisms by two successive centrifugings at Ioooog for 10 min at 2 to 4 "C. The clear, slightly amber supernatant fluid was kept at about 4 "C and used within 2 h for enzyme assays.
The soluble fraction of extracts of strain LI-IIO grown on mannitol was prepared by centrifuging at 4 "C at IOOOOO g for I h. It was used to measure the rate of appearance of NADH in enzyme assays containing various concentrations of either D-mannitol or D-arabitol.
The protein concentration in the crude enzyme preparations was estimated by the absorption method of Warburg & Christian as described by Layne (1957) .
Enzyme induction. To study induced and constitutive levels of D-mannitol dehydrogenase, organisms were grown in media containing either 0.5 % glycerol or 0.5 % glucose as the sole carbon source, or these same sugars plus 0.18 % D-mannitol. The bacteria were harvested in the mid to late exponential phase of growth since the enzymes of interest had optimal specific activites during this period. The bacteria were then used to prepare crude extracts which were assayed for the enzymes under study. The kinetics of induction of D-manni to1 dehydrogenase in cultures of R. japonicum were studied with extracts prepared from cultures grown in HM salts containing 0.5 % glucose and 0.025 % yeast extract for 2 to 5 days. The specific activity of this enzyme was estimated at various times after adding 0-18 % D-mannitol to the experimental flasks.
Assay of pofyol dehydrogenase(s). The method described by Martinez de Drets & Arias (1970) was followed. The reaction mixtures contained (in a volume of 1.1 ml): 60 pmol Na,CO,/NaHCO, buffer, pH 9-7; 60pmol of either D-mannitol or D-sorbitol or Darabitol; 0.75 pmol NAD; and crude cell-free extract to give IOO to 500 pg protein ml-l in the assay. The rate of the NADH formation was followed by the increase in after adding substrate.
The substrate specificity of the inducible polyol dehydrogenase(s) of R. japonicum was studied using assays containing pairs of the substrates D-mannitol, D-arabitol and Dsorbitol with each substrate at half the standard assay concentration.
Chemicafs. NAD, NADP and D-arabitol were from Sigma; D-mannitol (bacteriological grade) was from Difco. Before use in enzyme assays, the mannitol was twice recrystallized from 20 to 25 % (w/v) aqueous solutions. RESULTS 
AND DISCUSSION
Rhizobium japonicum clones, which differed in their ability to fix nitrogen symbiotically and which, in the free-living state, also differed in their ability to utilize D-mannitOl, showed a direct The kinetics of D-mannitol dehydrogenase synthesis were studied in a culture of strain LI-I 10 growing on D-glucose. In the presence of D-mannitol, after I h, the specific activity of the enzyme increased linearly with time, and doubled within 2.0 to 2 . 5 h. After 5 h the initial specific activity had increased fourfold under these conditions. The doubling time of strain L I -I I O growing in this medium was about 31 h. Organisms in the mid-exponential and early stationary phases (not shown) have higher specific activities of this enzyme when grown in a D-mannitol and D-glucose medium than do similar cultures grown in a medium containing only D-mannitol as carbon source.
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The specific activities in extracts of R. japonicum L I -I 10 (Table 2) showed that, regardless of the carbon source in the medium, the ratio of the activity obtained with D-mannitol as substrate to that obtained with D-arabitol as substrate was about showed the same rate of increase. These observations suggest that the same enzyme is involved in the oxidation of D-mannitol and D-arabitol. The substrate specificity of the enzyme was studied by comparing reaction velocities obtained with pairs of polyols with those obtained with individual polyols (Martinez de Drets & Arias, 1970). The activities found with either D-mannitol or D-arabitol combined with D-sorbitol were additive. In contrast, the combined reaction rates with D-mannitol and D-arabitol were less than, or equal to, the reaction velocity obtained with D-mannitol alone. In some experiments, the combined reaction rate was an average of the velocities obtained when D-mannitol and D-arabitol were assayed separately. This is consistent with a single enzyme being involved in the oxidation of these substrates since additive rates would have been expected if two distinct enzymes were involved.
The dependence of the reaction rate on substrate concentration (Fig. I) showed that at saturating substrate levels, the reaction velocity obtained with D-mannitol was about twice that with D-arabitol, and for this reason we have called the enzyme a D-mannitol dehydrogenase. However, the approximate substrate concentration at which the reaction attains half maximal velocity was lower for D-arabitol than for D-mannitol (Fig. I) . LineweaverBurk treatment of these data gave apparent K, values of 6.5 mM and 11.8 mM for D-arabitol and D-mannitol, respectively.
The D-mannitol dehydrogenase of R. japonicum appears to be specific for NAD as cofactor with either D-mannitol or D-arabitol as the substrate since NADP did not substitute for NAD at 0.7 mM or 2.8 m~ when assayed at pH 9-7 or pH 8.0.
In R. japonicum and the faster-growing species R. meliloti (Martinez de Drets & Arias, 1970) the ability to utilize either mannitol or arabitol is determined by the presence of an indmible NAD-specific dehydrogenase which is capable of utilizing either D-mannitol or D-ariloitol as substrate.
In R. rneZiZoti the activity of the dehydrogenase in cell-free extracts was two or three times higher than in R. japonicum, and the ratio of D-mannitol: D-arabitol activities fanged from 0 -2 to 0.3 compared with a value of 2.0 for R. japonicum. The apparent K, values for the
